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1 Introduction
An interesting feature of Superspace Supersymmetric eld theory is the existence of alterna-
tive representations of various well-known supermultiplets. These variant [1] descriptions,
although describing the same on-shell degrees of freedom, provide dierent auxiliary eld
structures. Examples of variant representations are the known dierent (minimal and non-
minimal) formulations of 4D; N = 1 supergravity where the variants appear in terms of
alternative compensating superelds.
The archetypical example of this phenomenon is the scalar supermultiplet. The eco-
nomical and most frequent superspace description is via a chiral supereld, but the same on-
shell degrees of freedom can also be described in terms of a complex linear supereld [2{4].
Moreover, these two descriptions are connected by a superspace duality procedure which
gives a concrete prescription for how they are related.1 Through this duality, a wide class
of theories can be described in superspace using either chiral superelds or alternatively
complex linear superelds, hence one might be tempted to draw the conclusion that this
is true for any theory. It has recently become clear that this is not the case since in cer-
tain theories with higher derivative terms some of the auxiliary components can become
propagating and thus change the degrees of freedom of the theory. This fact motivated the
use of complex linear supereld as a prime candidate for various phenomenological models
regarding spontaneous supersymmetry breaking [6{11] that is, so far, much less understood
than the standard mechanisms. For that reason it would be desirable to study aspects of
theories of complex linear superelds.
1So far it was believed that variant representations and especially the linear-chiral duality were a feature
of the low spin theories. However recently [5] a higher-spin generalization was demonstrated in 3D.
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In this paper we focus on the supercurrents that can be generated by these theories
and the coupling to supergravity. In a supersymmetric theory, the currents themselves
form a supermultiplet which can be encoded in a supereld and this has been used exten-
sively [12{15]. To determine the supercurrent multiplet of a generic theory we could follow
the supereld Noether procedure developed in [16, 17]. Alternatively, we know that if a
supereld description of the coupling of the theory in question to supergravity is available,
then the supercurrent multiplet can be calculated from the equations of motion of the su-
pergravity superelds in the limit where they vanish [18, 19]. Of course, in the linearised
limit which denes the supercurrent multiplet, the two methods match since the Noether
procedure gives the coupling to supergravity. An obvious remark is that the supercurrent
multiplet must match the superelds required in a specic formulation of supergravity. So
we immediately know how many superelds and of what type (vectors, spinors, scalars, real
or not) we should expect to participate in the description of the supercurrent multiplet.
For our case, this translates to consider the change of  under linearized superdieomr-
phism and perform one Noether iteration. The results are that for an arbitrary 4D; N = 1
theory of  we:
1. Identify a set of objects fN _;N _;N;Mg which depending on the formulation of su-
pergravity (minimal, non-minimal) we use, they generate the appropriate superelds
that will describe the corresponding supercurrent multiplet. For each one of them we
give an explicit  dependence.
2. Verify that the expressions for the supercurrent multiplets generated by the above
process satisfy the relevant superspace conservation equations.
3. Provide expressions for energy-momentum tensor, supersymmetry current and R-
symmetry current (if present) by projecting the superspace conservation equations
to spacetime.
4. Propose a method to determine the formulations of supergravity which are compat-
ible with a given theory and therefore could be used for coupling. This method
is controlled by a supereld X which comes from the structure of the supercurrent
multiplet under rigid Super-Poincare transformations
The paper is organized as follows. In section 2, we start by considering rigid Super-
Poincare transformations. As expected the Super-Poincare invariance enforces a specic
structure on the corresponding supercurrent multiplets which will be used extensively in
the following sections. In sections 3, we discuss the action of the superdieomorphism
group on . Namely, the compatibility of the trasnformation with the linearity constraint
will x the structure of most of the transformation parameters. We will discover that the
most general transformation allowed is not constrained enough and the demand to couple
the theory to pure supergravity will x the rest of the freedom. In section 4, we initiate
the Noether procedure for the above transformation and discover a list of potential super-
currents fN _;N _;N;Mg. This is a by-product of the fact that there are more than one
formulations of supergravity and we haven't made a choice yet. In section 5, we remind the
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reader of the dierent possible supergravity formulations and nish the Noether procedure.
For each choice of supergravity the Noether procedure will lead to a set of constraints that
need to be imposed. The results are 1. the supercurrent multiplets and 2. the neces-
sary X constraint that is required in order to be possible the coupling of the theory with
the specic version of supergravity. In section 6, we conrm that the supercurrent multi-
plets of section 5 conform with the appropriate superspace conservation equation [12{15],
in accordance with the supergravity choice. We do that by deriving the corresponding
Bianchi identities and take their on-shell limit. Furthermore, we demonstrate that for the
case of new-minimal supergravity, the necessary conditions we derived in section 5 cor-
respond to having R-symmetry invariance in the theory. This explains the fact that the
new-minimal superspace conservation equation gives the spacetime conservation equation
of the R-symmetry current. Finally, we project to components and derive the correspond-
ing set of spacetime conservation equations which involve the energy-momentum tensor,
the supersymmetry current and the R-symmetry current for the case of new-minimal. In
section 7, we apply all the above results to three specic examples of theories: (i) the (al-
most) free theory, (ii) an interacting theory with higher derivatives and (iii) an interacting
theory with higher derivatives that has supersymmetry breaking solutions. Section 8 has
the concluding comments.
2 Rigid Super-Poincare Noether procedure
All superspace formulated theories make manifest their invariance under rigid Super-
Poincare transformations. However, this restricts the structure of the supercurrents of
the theory. To see this we perform a Super-Poincare transformation parametrized by a _,
the symmetric ! ; ! _ _ and ,  _,
2
x0 _ = x _ + a _   i
2
 _   i
2
 _ +
1
2
!x
_ +
1
2
x _!
_ _ ; (2.1)
0 =  +
1
2
! + 
 ;
0 _ =  _ +
1
2
! _
_  _ + 
_ :
The transformation of  is:
S:P: = 

S:P:D + 
_
S:P:
D _ + i
 _
S:P:@ _ ; (2.2)
S:P: =  

 +
1
2
!

;
 _S:P: =  

 _ +
1
2
! _
_  _

;
 _S:P: = ia
 _ +  _ +  _ +
i
2
!

x
_   i
2
 
_

+
i
2

x _  
i
2
 _


!
_ _ :
2We use Superspace [19] conventions.
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From this follows
D( _
S:P:
 _) = 0 ;
S:P: _ =  S:P: _ ; (2.3)
S:P: =  
1
2
D _S:P: _ ; 
S:P:
_ =
1
2
D S:P: _ ;
DS:P: = 0 ; D
_S:P:_ = 0 ;
which are compatible with the linearity constraint of . Notice that S:P: , 
S:P:
_ are not
independent and can be derived from S:P: _ . The variation of a general action So[;
]
under the global S.P. transformation is:
S:P:So[; ] =
Z
d8z  _S:P:

J _   J _
	
=
Z
d8z ia _

J _   J _
	
(2.4)
+  _

J _   J _
	
+ c:c:
+
i
2
!

x
_   i
2
 
_

J _   J _
	
+ c:c: ;
where
J _ = i@ _ To   1
2
D _
 
D To + D  To

; (2.5)
and To =
So
 is the variation of the action with respect to . Keep in mind
that due to the linearity constraint of , its equation of motion is D _To = 0. For
So[; ] to be Super-Poincare invariant, the combinations J _   J _,  _

J _   J _
	
and 
x(
_   i2(  _
 
J) _   J) _
	
must be total superspace derivatives. In other words, there
must exist superelds A _, B, C _, F, G _ such that:
1. a _ term: J _   J _ = DA _   D _ A _ _,
2.  term:  _

J _   J _
	
= DB + D
_C _ ,
3. ! term:
 
x(
_   i2(  _
 
J) _   J) _
	
= DF + D
_G _ .
The result is that for any theory of complex linear superelds So[; ] the imaginary part
of J _ can always be written in the following form:
K _  J _   J _ = D
 _   D _ 
 _ _ + D D _X + D _D X ; (2.6)
for some superelds X and 
 _ with 
 _=
 _. However, due to (2.4) and D( _
S:P:
 _) =0
it is obvious that J _ is not uniquely dened and there is a redundancy. This freedom
resolves to the identication
K _  K _ + DR() _   D _ R( _ _) : (2.7)
We can exploit this by choosing R() _ =  
 _ and simplify the expression for K _ to be3
K _ = D D _X + D _D X : (2.8)
As we will see later, the supereld X plays a key role in determining the formulation of
supergravity which must be used in order to couple the theory.
3This was rst shown in [16] and later in [17].
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3 Superdieomorphism group action
Now we move on to the more interesting case of local super-dieomorphisms. As we
mentioned in the introduction, for the purpose of nding the supercurrents working to
linear order is enough and we have to consider the linearised transformation of :
 = D + 
_ D _ + i
 _@ _ +  : (3.1)
Anticipating the fact that  may not be a scalar but a density, we have introduced an addi-
tional term  giving a complex scaling of . After all, the super conformal group is natu-
rally included in the super dieomorphism group. In the following sections, we will discover
that  plays a very important role in the story of coupling the  theory to supergravity.
We need to make sure that the above transformation respects the linearity constraint
of . In other words, the set of parameters s must satisfy the constraints:
D2 = 0 )
8>><>>:
 =  12 D _ _ ;
D( _ _) = 0 ;
D2 _ + D _ = 0 :
(3.2)
The most general solution of the above constraints is
 _ = D _ ; (3.3a)
 =  D2 ; (3.3b)
 = D _ _ + ' ; D _' = 0 : (3.3c)
We see that the parameters are given in terms of the two unconstrained spinorial superelds
; _ and the chiral eld '. If  = 0 then ' is no longer independent and  _ is further
constrained, D2 _ = 0. The conclusion is that the most general transformation of 
allowed is:
 =  D2D +  _ D _ + iD _@ _ +
 
D _ _ + '

 : (3.4)
However, the demand for an invariant action that couples  with supergravity dictates
that  _;; _; and ' must be functions of the supereld parameters that appear in
the transformation of the supergravity superelds. Equations (3.3a) and (3.3b) completely
x this correspondence for  _ and , but on the other hand (3.3c) gives a lot of exi-
bility regarding ; _ and '. The most general ansatz we can do for  regarding its 
dependence is
 = 1D
 D2 + 

2
D _D2  _ + 1 D
2D + 

2D
2 D _ _ ; (3.5)
for some arbitrary parameters 1; 2; 1; 2. Substituting the above to (3.3c) and taking
into account the chiral property of ' we get the following parametrization
 _ = ( 1 + c)D2  _   D D _ + D _  _ _ + D _ ;  = ; (3.6a)
 = ( 1 + c)D _D2  _ + D D2 + D2D ; (3.6b)
' = (  )D2D   2D2  ; (3.6c)
where we have also conveniently redened the remaining parameters.
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The conclusion of this section is that the construction of an invariant action that
couples the matter theory of  with linearized supergravity must be based upon (3.4)
together with (3.6).
4 Prelude to an invariant theory
We start with a generic action for 
So =
Z
d8z Lo(; ) ; (4.1)
and calculate the change of it under the above transformation. We get
So =
Z
d8z  _

i@ _ To   1
2
D _ (D To)

+ c:c:
+  _

D _ To
	
+ c:c: (4.2)
+

D _ _ + '

To + c:c: :
Using (2.5) this can be written as:
So =
Z
d8z
1
2
 
 _ +  _
 
J _ + J _
	
+
1
2
 
 _    _ J _   J _	 (4.3)
+

 _ +
1
2
D 
 _

D _ To + c:c:
+

D _ _ + '

To + c:c: :
Now we make use of the specic structure (2.8) of J _   J _:4
So =
Z
d8z   1
2
 
D _   D _nT _ + D
 _ + D _ 
 _ _o
+ D D2

1
2
X   X

+ c:c:
+ D2D

1
2
X

+ c:c: (4.4)
+

 _ + D2  _

D _ To + c:c:
+

D _ _ + '

To + c:c: ;
where T _ = J _ + J _. This expression for the deformation of the action seems to be
clear and unambiguous. However, this is not true because the terms D D2, D
2D
4We must keep in mind that in order to get equation (2.8) we have redened J _ to J _ + D
_ 
 _ _.
This mean that the 
 _ dependence will disappear from J _   J _ but it will appear in the J _ + J _.
Alternatively, we can forget all about (2.8) and use the full equation (2.6) together with the constraint
D( _ _) = 0.
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and D _   D _ are not independent under the integration sign. We have the free-
dom to perform integrations by part and transform them among themselves. This can be
demonstrated by the following identity:Z
d8z

D D2

W +
1
2
W

+ D2D

1
2
W

+ c:c: = (4.5)
=
Z
d8z
 
D _   D _1
2
D _DW   1
2
D D _ W

;
for any supereld W . From the point of view of a Lagrangian description, this is the
argument behind the existence of the improvement terms that can be used in order to
change the structure of the supercurrent and the conservation equations. Dierent theories
coupled to dierent supergravities will require dierent improvement terms. Therefore we
add a general improvement term parametrized by the supereld W and the variation of
the matter system takes the form:
So =
Z
d8z   1
2
 
D _   D _nT _ + D
 _ + D _ 
 _ _ + D _DW  D D _ Wo
+ D D2

1
2
X   X +W + 1
2
W

+ c:c:
+ D2D

1
2
X +
1
2
W

+ c:c: (4.6)
+

 _ + D2  _

D _ To + c:c:
+

D _ _ + '

To + c:c: :
Finally, using (3.6) we may write
So =
Z
d8z   1
2
 
D _   D _ N _
+ D D2 N + c:c:
+ D2D M+ c:c: (4.7)
+
h
cD2  _   D D _   D _ 
_ _ + D _
i
N _ + c:c: ;
with the following denitions:
N _  T _ + D
 _ + D _ 
 _ _ + D _DW  D D _ W ; (4.8a)
N _  D _ To ; (4.8b)
N  1
2
X   X +W + 1
2
W + To + ( 1 + c?) To ; (4.8c)
M  1
2
X +
1
2
W + To : (4.8d)
Expression (4.7) includes all the information required. The parameters ; c; , the supereld
W and the combinations of N _;N _;N;M that will eventually give the supercurrents must
be determined in accordance with the choice of the supergravity formulation we want to
couple to our theory.
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5 Supercurrents and supergravities
Given equation (4.7), we want to nd interaction terms Sint[; ; H _; C] such that
So[; ] + Sint[; ; H _; C] will be invariant to linear order. At this point, it will be
useful to review the various options that we have for irreducible supergravity theories
(see [18, 19] for reviews).
1. Old-minimal [20{22]: H _ = D L _   D _L,  = D2DL,  is chiral.
2. New-minimal [23{25]: H _ = D L _   D _L, U = D D2L + D _D2 L _, U is real,
linear. U = D  + D
_  _, D _  = 0,   = D
2L + iD
2DK, K = K.
3. New-new-minimal [26]: H _ = D L _   D _L, V = D D2L   D _D2 L _, V is
imaginary, linear. V = D   D _  _, D _ = 0,  = D2L + D2DK, K = K.
This formulation is known at the linearized level only.
4. Non-minimal [27, 28]: H _ = D L _   D _L,   = D _D2 L _ + f(n)D2DL,   is
complex linear.   = D _  _,  = D
2L+
1
2f
(n)D D _ L _+DL, with L = L
and f(n) 6= 13 ; 1;1.
It is evident that most of the terms in (4.7) can easily t within the structure of the
transformations of the supergravity superelds, therefore an interaction term can be found
in order to get the invariant theory. To make this explicit, we go through the list of
supergravities and identify the coupling terms. The general theme of this section is the
following. By choosing a particular formulation of supergravity we choose a particular
type of compensator. This translates to imposing constraints on N;M and N _. Whether
these constraints can be satised (by xing W;; ) or not gives an indication to whether
the theory can be coupled to this specic supergravity or not. As it was advertised, the
supereld X is the object that controls the outcome.
1. Old-minimal supergravity. In order to be able to couple the theory to old-minimal
supergravity, we must have
N = D2 + D2 ; for some ; ; (5.1a)
M 6= D _Z _ ; for any Z _ ; (5.1b)
c = 0 ; (5.1c)
 = 0 ; (5.1d)
D
_  _ _ +
D _ = 0 : (5.1e)
As a result, we get
X 6=  1
2
(1 + 2)To   1
2
  To + D _Z _ +
1
2
D Z   1
2
D2   1
2
D2  ; (5.2a)
W =  4
3
X +
5
3
X   2
3
To +
4
3
 To + D
2

4
3
  2
3


+ D2

4
3
  2
3


; (5.2b)
 _ =  D2  _ ; (5.2c)
' = D2D ; (5.2d)
 =  D _D2  _ + D2D : (5.2e)
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This mean that for a given theory, we calculate X according to (2.6) and then we check if
the constraint (5.2a) is satised. In other words, if there is a choice for the set ;;; Z _
such that equation (5.2a) is violated, then we can not couple the theory to old-minimal
supergravity5 for this choice. However, since the condition (5.2a) is an exclusive one, it is
fairly obvious that we can always couple the theory to old-minimal supergravity.
It would be useful to understand the meaning of (5.2). For equations (5.2a) and (5.2b)
it is straightforward since they provide the condition for coupling to old-minimal formula-
tion of supergravity and the appropriate improvement term we must use. Also, we have
commented on the meaning of (5.2e) and how the existence of a non-zero  keeps  _
unconstrained in general. However, there is a little bit more in the meaning of (5.2c). In
constructing supergravities, one has to solve the anholonomy constraints for the superviel-
beins in terms of prepotentials. Among the prepotentials, one introduces a real6 gauge
supervector H = (H _; H; H _),
7 with transformations
H _   _ +  _ ; H _   _    _ : (5.3)
Since  _ is unconstrained we can use it to eliminate H _. Equation (5.2c) reects the
remaining symmetry in this H _ xed conguration,  _ =  _ =  D2  _.
Nevertheless, under conditions (5.2), equation (4.7) takes the form
So =
Z
d8z   1
2
 
D _   D _N _ (5.4)
+ D2D M+ c:c: :
In order to make contact with the linearized transformations of old-minimal supergravity,
we must identify  with L. Specically, we must have  =
1
ML, where M is a
mass scale. Of course, this is to be expected since the engineering dimensions of the two
parameters do not match [] =  32 and [L] =  12 but more importantly in order to be
precise we need a parameter in the transformation (3.4) of  in order to keep track of the
order up to which we work. The invariance of the action we attempt to construct will be
valid up to linear order which translates up to M 1 terms. In this case, the action is made
invariant by adding the interaction terms
Sint =
Z
d8z
1
2M
H _N _ (5.5)
  1
M
M+ c:c: :
From this expression, we can immediately read o that the supercurrents of the theory are
N _ and M.
5There is the possibility that the coupling to supergravity happens only through supereld H _ without
any participation of the compensator and therefore we can not distinguish one supergravity from another.
This corresponds to the case of conformal supergravity that will be examined separately.
6After using the freedom of change of coordinates (K-supergroup).
7Look in [18, 19] and references therein.
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2. New-minimal supergravity. For coupling with new-minimal supergravity, we must
have the following conditions:
N = R+ [D2 + D2] ; for some ; ; R; with R = R ; (5.6a)
M = D _Z _ ; for some Z _ ; (5.6b)
c = 0 ; (5.6c)
 = 0 ; (5.6d)
D
_  _ _ +
D _ = 0 ; (5.6e)
thus we get:
X   X =  

1 + 
2

To +

1 + 
2

 To +
1
2
D _Z _   1
2
D Z (5.7a)
+
1
2
D2

    1
2
D2

   ;
W =   X   2  To + 2D Z ; (5.7b)
 _ =  D2  _ ; (5.7c)
' = D2D ; (5.7d)
 =  D _D2  _ + D2D : (5.7e)
So only theories whose imaginary part of X can be parametrized as in (5.7a) for some
;;; Z _ can be coupled to new-minimal supergravity. In this case, equation (4.7)
becomes
So =
Z
d8z   1
2
 
D _   D _N _ (5.8)
+
 
D D2 + D
_D2  _

R ;
where
R =  (X + X) 

1 + 3
2

To  

1 + 3
2

 To +
3
2
D Z +
3
2
D _Z _ (5.9)
  1
2
D2

 + 
  1
2
D2

 + 

;
and as a result the interaction terms we have to add are:
Sint =
Z
d8z
1
2M
H _N _   1
M
UR : (5.10)
The supercurrents are N _; R.
The above analysis can be generalized by relaxing the (5.6c) condition. This can be
done by exploiting the K freedom in the transformation of the   supereld. We can
modify the identication we do between  and L in the following way:
 =
1
M
L +
i
M
DK : (5.11)
{ 10 {
J
H
E
P
0
2
(
2
0
1
7
)
0
7
6
Therefore, equation (5.8) now takes the form
So =
Z
d8z   1
2M
 
D L _   D _LN _ (5.12)
+
1
2M
K @ _N _
+
1
M
 
D D2L + D
_D2 L _

R
+
c
M
 
D2 L _   iD2 D _KN _ + c:c: ;
and the request for invariance leads to the introduction of the following interacting terms
Sint =
Z
d8z
1
2M
H _N _ (5.13)
+
1
M
 
 
DR  c N

+ c:c: ;
together with the constraint @ _N _ = 0.
3. New-new-minimal supergravity. For new-new-minimal supergravity we should im-
pose the conditions
N = iI+ [D2 + D2] ; for some ; ; I; with I = I ; (5.14a)
M = D _Z _ ; for some Z _ ; (5.14b)
c = 0 ; (5.14c)
 = 0 ; (5.14d)
D
_  _ _ +
D _ = 0 ; (5.14e)
therefore we get:
X + X =  

1 + 3
2

To  

1 + 3
2

 To +
3
2
D _Z _ +
3
2
D Z (5.15a)
  1
2
D2

 + 
  1
2
D2

 + 

;
W =   X   2  To + 2D Z ; (5.15b)
 _ =  D2  _ ; (5.15c)
' = D2D ; (5.15d)
 =  D _D2  _ + D2D ; (5.15e)
which means that the theories that are allowed to couple to new-new-minimal supergravity
are the ones for whom the real part of X can be parametrized as in (5.15a) for some
;;; Z _. The variation (4.7) now takes the form
So =
Z
d8z   1
2
 
D _   D _N _ (5.16)
+ i
 
D D2 + D
_D2  _

I ;
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where
iI = X   X +

1 + 
2

To  

1 + 
2

 To +
1
2
D Z   1
2
D _Z _ (5.17)
  1
2
D2

  + 1
2
D2

   ;
and the interaction terms are:
Sint =
Z
d8z
1
2M
H _N _   i
M
V I : (5.18)
The corresponding supercurrents are: N _; iI.
However, we can do similar generalizations as we did for the previous case. In particular
 =
1
M
L +
1
M
DK ; (5.19)
and equation (5.16) becomes
So =
Z
d8z   1
2M
 
D L _   D _LN _ (5.20)
  1
2M
K

D; D _

N _
+
i
M
 
D D2L   D _D2 L _

I
+
c
M
 
D2 L _ + D2 D _K

N _ + c:c: :
The generalized interaction terms are
Sint =
Z
d8z
1
2M
H _N _ (5.21)
+
1
M

 
iDI  c N

+ c:c: ;
together with the constraint

D; D _

N _ = 0.
4. Non-minimal supergravity. Finally, we have the case of non-minimal supergrav-
ity. To couple the theory with non-minimal supergravity we must impose the following
constraints:
N 6= D2 + D2 ; for any ;  ; (5.22a)
M = f N + D _Z _ ; for some f; Z _ ; (5.22b)
c 6= 0 ; (5.22c)
 = 0 ; (5.22d)
D _ =
c
2
f D _D
 ; (5.22e)
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which gives:
f 6= 1
3
; 1;1 ; (5.23a)
X 6= 1
2
( 1  2+ c)To   1
2
  To + D _Z _ +
1
2
D Z (5.23b)
+
1
2
D2

f + (2f   1)+ 1
2
D2

(2f   1)  + f ; (5.23c)
W =   4f
2
(3f   1)(f   1)X +
(5f2   1)
(3f   1)(f   1)
X   2f(+ f   cf)
(3f   1)(f   1)To (5.23d)
+
2(2f   1)( + f   cf)
(3f   1)(f   1)
 To +
2f
(3f   1)(f   1)
D _Z _   2(2f   1)
(3f   1)(f   1)D
 Z ;
 _ = (c  1)D2  _ + c
2
f D _D
 + D
_  _ _ ; (5.23e)
' = (  cf)D2D ; (5.23f)
 = (c  1)D _D2  _ + D2D : (5.23g)
Notice that  _ is not equal to  _ anymore which means that we are not in the H _ = 0
gauge. Instead H _ transforms as the prepotential of the compensator   and can be identi-
ed with it (H _   _   _ = cD2  _+ c2f D _D+ D
_  _ _, precisely the transformation
of the prepotential of the complex linear compensator as discussed before).
Furthermore, the constraints on the parameter f are precisely the constraints im-
posed in non-minimal supergravity. The f 6= 13 and f 6= 1 constraints emerge from the
self-consistency of equation (5.22b) whereas the exclusion of f =1 emerge from the consis-
tency of (5.22b) with (5.22a). The meaning of these constraints can be understood through
equation (4.5). It is easy to show that for f = 1 we fall back to the new-minimal cong-
uration and for f = 13 we go to the new-new-minimal case. This is also indicated from
the f = 1 and f = 13 limits of (3f   1)(f   1)W which due to (5.23d) makes contact with
equations (5.7a), (5.15a). The f =1 case can also be shown to correspond to old-minimal
supergravity. Historically, f was parametrized by a number n such that f(n) = n+13n+1 with
n 6=1; 0; 13 which matches the exclusion of f = 13 ; 1;1.
Moreover, there is a choice of parameters that makes  vanish (c = 1;  = 0). When-
ever such a choice is compatible with (5.23c) it leads to a group action without scaling
type terms.
The variation of the action for this case takes the form:
So =
Z
d8z   1
2
 
D _   D _N _
+
 
D D2 + fD
2 D _ _

N + c:c: (5.24)
+ c

D2  _   1
c
D _

_ _ +
f
2
D _D

N _ + c:c: ;
therefore, the interactions we have to introduce are ( =
1
ML,  =   cML)
Sint =
Z
d8z
1
2M
H _N _ (5.25)
+
1
M
S + c:c: ;
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where S = DN   c N. From this we conclude that the corresponding supercurrents
are N _ and S. An interesting observation is that if c 6= 0 then, the  theory has an
interaction term directly with the prepotential of  .
5. Conformal supergravity. For completeness, we examine the special case where the
complex linear theory interacts to supergravity only through the H _ supereld. This
corresponds to the coupling of the theory to conformal supergravity. We must have:
N = D2 + D2 ; for some ; ; (5.26a)
M = D _Z _ ; for some Z _ ; (5.26b)
c = 0 ; (5.26c)
 = 0 ; (5.26d)
D
_  _ _ +
D _ = 0 : (5.26e)
Therefore this can happen for the theories where X takes the special form
X =  1 + 2
2
To   

2
 To + D
_Z _ +
1
2
D Z   1
2
D2   1
2
D2  ; (5.27)
and the coupling to superconformal supergravity is:
Sint =
Z
d8z
1
2M
H _N _ : (5.28)
6 Bianchi identities and conservation equations
The invariance of the full action will be expressed by a set of Bianchi identities. By
taking the on-shell limit of these identities we recover the conservation equations of the
supercurrents. Let's assume that we have a theory of complex linear superelds coupled to
one of the supergravities, S = S[; ; H _; C] where C is the compensator of the specic
supergravity. Therefore, the variation of the action under the linearized transformations is:
S =
Z
d8z

D + 
_ D _ + i
 _@ _ + 
	 T + c:c:
+

D L _   D _L	 T _ (6.1)
+ C TC + c:c: ;
with T = S ; T _ = SH _ ; TC = SC and
 =   1
M
D2L ;  _ =
p1
M
D2 L _ +
p2
M
D
_ L _ _ +
p3
M
D _D
L ; (6.2)
 _ =
1
M
D _L ;  =
p1
M
D _D2 L _ +

M
D2DL ;
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where p1 =  1; p2 = p3 = 0 for the minimal cases and p1 = c   1; p2 =  c; p3 = c2f for
the non-minimal case. Hence
S =
Z
d8z L

  1
M
D2

D T + p1 D T

+
p3
M
D D
_

D _ T

+
i
M
D _ [@ _ T ]  
M
D D
2 [ T ]  D _T _

+ c:c: (6.3)
+ p2L


  1
2M
D(

D)  T

+ c:c:
+ C TC + c:c: :
Now we will use the above to derive the Bianchi identities for all the previously discussed
supergravities and the theory S[; ; H _; C] = So[; ] + Sint[; ; H _; C].
1. Old-minimal supergravity. In this case, C is a chiral supereld  with linearized
transformation  = D2DL. So the variation of the action is
S =
Z
d8z L

  1
M
D2

D T   D T

+
i
M
D _ [@ _ T ]  
M
D D
2 [ T ]
  D _T _  D D2T

+ c:c: : (6.4)
Therefore the invariance of the action provides the following Bianchi identity
D2

D T   D T
	  D _ fi@ _ T  MT _g+ D D2 fT +MTg = 0 : (6.5)
However, due to (5.5) we have that
T _ = 1
2M
N _ ; T =   1
M
M ; (6.6)
and by going on-shell, using the  equation of motion
 
D _T = 0

we get the following
conservation equation:
D _N _ = 2D D
2M : (6.7)
Of course, this is the well-known Ferrara-Zumino multiplet [12].
2. New-minimal supergravity. When coupling to new-minimal, we get the Bianchi
identity
D2

D T   D T
	  D _ fi@ _ T  MT _g (6.8)
+ D D
2 fT g+M D2DTU = 0 :
Going on-shell ( D _T = 0) and using that T _ = 12MN _, TU =   1MR we get the conserva-
tion equation
D _N _ = 2D
2DR : (6.9)
This is the R-multiplet [13, 19]. The structure of this conservation equation together
with the reality of R results in the spacetime conservation of the entire supercurrent
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N _: @
 _N _ = 0. This corresponds to the fact that there is an extra U(1) symmetry
due to R-symmetry. R-symmetry rotates the superspace fermionic coordinates  ! eia,
 ! e ia and if supereld  has a well dened R-charge q it transforms  ! eiqa. It
is straightforward to check that at the linear limit, this transformation of  ts exactly in
the (3.1) form with
 =  ia ;  _ = ia _ ; (6.10)
 _ = ia _ ;  = iaq ;
which can be checked to satisfy all of the (3.2) constraints. Also, in the language of (3.3)
R-symmetry transformation corresponds to the choice = iaD

2 2

with ' = i(q+2)a
and the parametrization q =  2(1+). By plugging this value of  into (4.7) and demand
invariance under R-symmetry, we get the following requirements:
N   N = chiral + antichiral ; (6.11a)
M = complex linear ; (6.11b)
c =  = 0 ; (6.11c)
D
_  _ _ +
D _ = 0 ; (6.11d)
@ _N _ = 0 : (6.11e)
We can check that (6.11a), (6.11b), (6.11c), (6.11d) are exactly the requirements for cou-
pling the theory to new-minimal supergravity (5.6) and the conservation of N _ (6.11e) is
consistent with the superspace conservation equation for the new-minimal case (6.9).
Now, if we consider the slightly more general treatment of the new-minimal case (5.13)
then we get the following:
D _N _ = 2D
2DR  2c D2 N ; (6.12a)
cD D2 N   cD _D2N _ = 0 : (6.12b)
For the expansion order we are working (up to 1=M), N _ (4.8b) can be written on-shell as
N _ = D _ [To], hence we get that
D _N _ = 2D
2D

R  c

2
 To   c
2
To

; (6.13a)
c  To   cTo = D2P   D2 P ; (6.13b)
where P is an arbitrary superelds. A non-trivial solution (c 6= 0) of condition (6.13b)
imposes severe constraints on the starting action. A class of such solution are the Kahler
sigma models which are polynomials of . However, from the point of view of higher
derivative theories the non-trivial solutions will correspond to the c = 0. This will be the
class of solutions that we will consider here.
3. New-new-minimal supergravity. Similarly to the previous case, the conservation
equation of the new-new-minimal supercurrent is [14, 15, 17]
D _N _ = 2iD
2DI : (6.14)
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As in the new-minimal case, the Bianchi identities that originate from the more gen-
eral (5.21) treatment give slightly more abstract conditions. However, for the same reasons
as in the new-minimal discussion we will consider only the c = 0 class of solutions which
corresponds to the analysis presented in the previous section.
4. Non-minimal supergravity. For non-minimal supergravity, C is an unconstrained,
spinorial supereld  with
 = D
2L +
1
2fD
D _ L _ + D
L. The corresponding Bianchi identities are:
D2

D T + (c   1)D T  MT
	  D _ fi@ _ T  MT _g (6.15a)
 f
2
D D
_

cD _ T +M T _
	
+ D D
2 fT g = 0 ;
cD(

D)  T
	
+MD(T) = 0 : (6.15b)
Therefore the conservation equations we get are
D _N _ = 2D
2S + fD D
_S _ ; (6.16a)
D(S) = c
D( N) = 0 : (6.16b)
These can be re-written in the form
D _N _ = 2D
2DS+ 2fD D
2S ; (6.17)
where S = DS and S = N   c  To. However S is not uniquely dened, it has a gauge
freedom S = D2F. This is the non-minimal multiplet [14, 15].
5. Conformal supergravity. In this case, there is no compensator and the conservation
equation for the supercurrent has a very simple form
D _N _ = 0 : (6.18)
To make contact with the notation in [13], all the above conservation equations can be
organized in the system
D _S _ = DZ + X + X 0 ; (6.19)
D _Z = 0 ;
D _X = 0 ; DX   D _ X _ = 0 ;
D _X 0 = 0 ; DX 0 + D _ X 0_ = 0 ;
with the following correspondence.
I. Old-minimal : S _ = N _ ; Z = 2D2M ; X = 0 ; X 0 = 0.
II. New-minimal : S _ = N _ ; Z = 0 ; X = 2D2DR ; X 0 = 0.
III. New-new-minimal : S _ = N _ ; Z = 0 ; X = 0 ; X 0 = 2iD2DI.
IV. Non-minimal : S _ = N _ ; Z = 2f D2S ; X = D2D(S+ S) ; X 0 = D2D(S  S).
V. Conformal : S _ = N _ ; Z = 0 ; X = 0 ; X 0 = 0.
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For the case of non-minimal supergravity, we have seen that the parameter f is not arbitrary
because for specic values of it the interaction terms can be recast in terms of the minimal
descriptions. This can be seen independently from the conservation equations (6.17) which
can be rewritten in the following manner:
D _

N _ + 2fD D _S  2f D _DS
	
= 2D2D

(1  2f)S  fS	 : (6.20)
Hence for f = 1 we get
D _

N _ + 2D D _S  2D _DS
	
=  2D2D

S+ S
	
; (6.21)
corresponding to the conservation equation of new-minimal supergravity with S _ = N _+
2D D _S  2D _DS, X =  2D2D(S+ S).
For f = 13 we get
D _

N _ +
2
3
D D _S  2
3
D _DS

=
2
3
D2D

S  S	 ; (6.22)
corresponding to the conservation equation of new-new-minimal supergravity with
S _ = N _ + 23D D _S  23 D _DS, X 0 = 23 D2D(S   S). This is an elegant alternative
to the usual argument involving improvement terms. From this point of view, there is no
need for improvement terms and the algebra provides the exact redenitions that need to
be done in order to match the two formulations. For the f = 1 limit, we do not have
to do anything since from (6.17) it is obvious that the term corresponding to old-minimal
coupling dominates.
The superspace conservation equations include all information about the superdif-
feomorphism invariance of the theory. To investigate the properties of the theory under
dierent parts of the superdieomorphism group we project the conservation equations into
components and discover the corresponding conserved currents. This procedure is straight
forward and we will demonstrate it for equation (6.17) since all other irreducible congu-
rations can be extracted from this one. We dene the various components of a supereld
through the action of covariant derivatives on the supereld and setting the  coordinates
to zero. In this way by acting with derivatives from the left of (6.17) and projecting we
extract the various component equations. The results for the independent equations are.8
(0; 0) : N(A)(0;1) = 2
h
S(1;2) + f
S(1;2)
i
+ i@
_
h
S
(0;1)
_   fS(0;1)_
i
; (6.23a)
(1; 0) : N
(S;A)(1;1)
 =  
i
2
@(
_N
(0;0)
) _ + 2i@(
_S
(1;1)
) _ ; (6.23b)
N(A;A)(1;1) =
i
2
@ _N
(0;0)
 _   2if@ _S(1;1) _ (6.23c)
  4
h
S(2;2) + fS(2;2)
i
+
h
S(0;0)   fS(0;0)
i
;
8The various components are labeled by the name of the supereld they come from and their position
(n;m) in its  expansion. For example, (0;0) is the  independent term of supereld , 
(0;1)
_ is the

component and 
(1;1)
 _ is its 
 component. Components with more than one index of the same type can be
decomposed into symmetric (S) and anti-symmetric (A) pieces as 
(S)
 = (), 
(A) = C.
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(0; 1) : N
(0;2)
 _ =  2if@ _S(0;2) ; (6.23d)
(1; 1) : N
(S)(1;2)
 _ =
i
4
@(
_N
(S)(0;1)
) _ _ +
i
2
@( _
h
S
(1;2)
)   3fS
(1;2)
)
i
(6.23e)
  1
4
@( _@)
_
h
S
(0;1)
_ + 3f
S
(0;1)
_
i
;
N
(A)(1;2)
_ =  
i
4
@ _N
(S)(0;1)
 _ _  
i
2
@ _
h
S(1;2) + 5f
S(1;2)
i
(6.23f)
  1
4

h
S
(0;1)
_   5fS(0;1)_
i
;
(2; 0) : N
(A)(1;2)
_ =
i
4
@ _N
(S)(0;1)
 _ _ +
i
2
@ _
h
S(1;2) + (f   4)S(1;2)
i
(6.23g)
+
1
4

h
S
(0;1)
_   (f + 4)S(0;1)_
i
;
(2; 1) : N
(2;2)
 _ =  
i
8
@ _N
(S;S)(1;1)
 _ _ +
1
16
@ _@
 _N
(0;0)
 _  
1
4
N(0;0) _ (6.23h)
+
i
2
@ _
h
S(2;2)   3fS(2;2)
i
+
1
4
@ _@
 _
h
S(1;1) + (3f   1)S(1;1) _
i
  1
2

h
S
(1;1)
 _   S(1;1) _
i
  i
8
@ _
h
S(0;0) + 3fS(0;0)
i
:
At this point there are a few interesting observations we can make. First of all due to the
reality of N
(2;2)
 _ we get the conservation equation
@ _N
(S;S)(1;1)
 _ _ + i(2  3f)@ _@ _
h
S
(1;1)
 _   S(1;1) _
i
  4i
h
S
(1;1)
 _   S(1;1) _
i
(6.24)
  2(1  3f)@ _
h
S(2;2) + S(2;2)
i
+
1
2
(1 + 3f)@ _
h
S(0;0) + S(0;0)
i
= 0 ;
which is the conservation equation for the energy-momentum tensor associated with space-
time translations. Secondly, the consistency of equations (6.23f), (6.23g) give the conser-
vation equation of the fermionic current.
@ _N
(S)(0;1)
 _ _ + 2@

_
h
S(1;2) + (3f   2)S(1;2)
i
  i
h
S
(0;1)
_   (3f + 2)S(0;1)_
i
= 0 ; (6.25)
which is the conservation equation for the supercurrent associated with supersymmetry
transformations. The third observation is the reality of N(A;A)(1;1) which leads to
i@ _N
(0;0)
 _ + (f + 1)
h
S(0;0)   S(0;0)
i
  2if@ _
h
S
(1;1)
 _ +
S
(1;1)
 _
i
(6.26)
+ 4(f   1)
h
S(2;2)   S(2;2)
i
= 0 :
The presence of the last, algebraic term causes the failure of the conservation of a vector
current. However, for the special case of f = 1,9 this obstacle is removed and the conserved
current corresponds to the U(1)R current of new-minimal supergravity.
9As we have seen f = 1 corresponds to new-minimal supergravity and therefore the theory has
R-symmetry.
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7 Examples
In this section, we apply all the above-derived results to three specic examples of increasing
complexity. The rst example is the simplest possible one, the almost free theory
A. Almost free theory. We consider the Lagrangian
Lo =   + g2 + g 2 :
For this system we can easily nd the X and 
 _ superelds
X =  1
2
 +
g
2
2 +
g
2
2 ; 
 _ = 0 ;
and we can determine to which supergravity this system can be coupled to.
1. Old-minimal. It is easy to check that equation (5.2a) is always satised, which means
that this theory can always be coupled to old-minimal supergravity with supercur-
rents where
N _ = i@ _  +
1
3
D D _
 
  4g2 + 2g 2+ c:c: ; (7.1a)
M =  

2
3
+ 

 +

5
3
+ 2

g2   1
3
g 2 : (7.1b)
It is straightforward to check conservation equation (6.7) is satised for the above
supercurrents.
2. New-minimal. In order to couple this theory with new-minimal supergravity, due to
equation (5.7a) we must have g 6= 0;  =  1 and the supercurrents are
N _ = i@ _  + D D _
 
  2g2+ c:c: ; (7.2a)
R =   + g2 + g 2 : (7.2b)
Notice that the xed value of  =  1 corresponds to an explicit zero R-charge of 
which is the only value for which the action is R-symmetry invariant.
3. New-new-minimal. To couple with new-new-minimal supergravity, we must
have (5.15a) g 6= 0,  =  2=3 and
N _ = i@ _  + D D _

1
3
  2
3
g2

+ c:c: ; (7.3a)
iI =
1
3
 
g2   g 2 : (7.3b)
4. Non-minimal. Due to (5.23c) we nd that this theory can always be coupled to
non-minimal supergravity. The supercurrents for this case are:
N _ = i@ _  + D _D

1 +
1
2

 +

2 +
1
2

g2 +

3   3
2

g 2

+ c:c: ; (7.4a)
S = D

5
4
+ 1 +
1
2
1   c

 + g

 1
4
+ 2 +
1
2
3

2
+ g

 9
4
+ 3 +
1
2
2 + 2c


2

+ cD 
 
  2g  ; (7.4b)
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where
1 =
( 5 + 8c   4c) f2 + (4 + 4  8   4c) f + 4 + 1
2 (3f   1) (f   1) ;
3 =
(17  16c) f2 + (16 + 8c   8) f   8   1
2 (3f   1) (f   1) ;
2 =
(8c  7) f2   8f   1
2 (3f   1) (f   1) :
5. Conformal case. For this case, equation (5.27) is not satised unless g = 0;  =  2=3
and the supercurrent is
N _ = i@ _  + D D _

1
3


+ c:c: : (7.5)
As in the case of old-minimal, it is straightforward to verify that all the above-mentioned
supercurrents satisfy their respective conservation equations as they were presented in the
previous section.
B. Higher derivative interacting theory. For our second example, we consider a
system that introduces interactions through higher derivative terms. The Lagrangian we
examine in this case is:
Lo =   + gD D + g D _  D _  : (7.6)
The rst thing we must do is to nd the X supereld. This is not as straightforward as in
the previous case and we have to employ some superspace algebra, like the following identity
i@ _D
Y   c:c: = 1
2
D

i@( _Y)  
1
3
D(

D _Y)
  c:c: (7.7)
+
1
2
D
h
D _D
Y
i
+
1
2
D _
h
DD
Y
i
  c:c:
  1
4
D D _L  c:c: ;
where Y = D; L = D
 D. With this in mind, we get that
X =  1
2
 +
g
2
L ; 
 _ =  ig@( _ Y) +
g
3
D(

D _ Y)

: (7.8)
So, now we go through the list of the various supergravities and check whether this theory
can be coupled to them and what are the supercurrents:
1. Old-minimal. Equation (5.2a) is always satised, thus this theory can be coupled to
old-minimal supergravity. The corresponding supercurrents are
N _ = D D _

1
3
  5
6
gL+
5
3
g L+
4
3

2gDY   g D _ Y _

+ c:c:
+ i@ _ 

 + 2g D _ Y _

+ g D _
n
D D
_ Y _
o
+ c:c: (7.9a)
+ gD

 i@( _Y) +
1
3
D(
 
D _Y)

+ c:c: ;
M =  

2
3
+ 

  2g

2
3
+ 

gDY +
2
3
g D _ Y _ (7.9b)
+
2
3
gL  1
3
g L :
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2. New-minimal. The coupling to new-minimal (5.7a) is more restrictive, but it can still
be done if we select  =  3=2; Z _ =  g  D _ . The supercurrents for this case are
N _ = D D _

2 +
1
2
gL+ 3g L+ 6gDY + 2g D
_ Y _

+ c:c:
+ i@ _ 

 + 2g D _ Y _

+ g D _
n
D D
_ Y _
o
+ c:c: (7.10a)
+ gD

 i@( _Y) +
1
3
D(
 
D _Y)

+ c:c: ;
R =  5
2
  5  gDY + g D _ Y _  2gL  2g L : (7.10b)
Notice that the xed value  =  3=2 corresponds to a zero R-charge for D which
is the only value for which the action is R-symmetry invariant.
3. New-new-minimal. Coupling to new-new-minimal is not possible for this case,
since (5.15a) is too restrictive and has no solution.
4. Non-minimal. For non-minimal, equation (5.23c) is always satised, therefore we can
couple the theory to non-minimal supergravity. The supercurrents are
N _ = i@ _ 

 + 2g D _ Y _

+ g D _
n
D D
_ Y _
o
+ c:c: (7.11a)
+ D _D

1
2
+ 1

 + (4   1) gL+ 5g L
+ 2gD
Y + 3g
 D _ Y _

+ c:c:
+ gD

 i@( _Y) +
1
3
D(
 
D _Y)

+ c:c: ;
S = D

5
4
+ 1 +
1
2
1   c

 + g

2 +
1
2
3

DY (7.11b)
+ g

3 +
1
2
2 + 2  2c

D _ Y _ +

1
4
+ 4 +
1
2
5

gL
+

 1
2
+ 5 +
1
2
4

g L

+ cD 
 
 + 2g D _ Y _

;
where the constants  are
1 =
( 5 + 8c   4c) f2 + (4 + 4  8   4c) f + 4 + 1
2 (3f   1) (f   1) ;
2 =
4f (+ f   cf)
(3f   1) (f   1) ; 3 =  
4 (2f   1) ( + f   cf)
(3f   1) (f   1) ;
4 =   4f
2
2 (3f   1) (f   1) ; 5 =
5f2   1
2 (3f   1) (f   1) :
5. Conformal case. It is easy to check from (5.27) that the coupling of this theory (with
nonzero g) to conformal supergravity is not possible.
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C. Interacting theory with spontaneous SUSY breaking. Our third and last ex-
ample is an interacting theory with a higher derivative term containing four supercovariant
derivatives
Lo =   + gD D D _  D _  : (7.12)
This model has been studied in [8{10] where it has been demonstrated that the equations
of motions have several vacuum solutions including one which breaks supersymmetry. For
that reason it would be interesting to nd the supercurrents for this theory and the list of
supergravities it can be coupled to.
Similarly with the previous example, in order to nd X we have to use the following
identity
i@ _D
Y   c:c: = 1
2
D

i@( _Y)  
1
3
D(

D _Y)
  c:c: (7.13)
+
1
2
D
h
D _D
Y
i
+
1
2
D _
h
DD
Y
i
  c:c: ;
where Y = D D
_  D _ ; L = D
 D D
_  D _ . The result is
X =  1
2
 ; 
 _ =  ig@( _ Y) +
g
3
D(

D _ Y)

: (7.14)
This is perhaps surprising since the answer for X does not depend on the coupling constant
g and is the same as the free theory.
1. Old-minimal. Checking equation (5.2a), we conclude that we can couple the theory to
old-minimal supergravity and the calculation of the supercurrents is straight forward.
We get:
N _ = i@ _ 

 + 2g D
_ Y _

+
1
3
D D _

 + 8gDY   4gD _ Y _

+ c:c:
+ g D _
n
DD
Y + D D
_ Y _
o
+ c:c: (7.15a)
+ gD

 i@( _Y) +
1
3
D(
 
D _Y)

+ c:c: ;
M =  

2
3
+ 

  2g

2
3
+ 

DY +
2
3
gD _ Y _ : (7.15b)
2. New-minimal. Coupling to new-minimal is possible only for  =  1 and the super-
currents are
N _ = i@ _ 

 + 2g D
_ Y _

+ D D _

 + 4gDY

+ c:c:
+ g D _
n
DD
Y + D D
_ Y _
o
+ c:c: (7.16a)
+ gD

 i@( _Y) +
1
3
D(
 
D _Y)

+ c:c: ;
R =    2g  D _ Y _ + DY : (7.16b)
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3. New-new-minimal. The coupling to new-new-minimal, as can be checked by (5.15a)
is not possible.
4. Non-minimal. Coupling to non-minimal is possible and the supercurrents are
N _ = i@ _ 

 + 2g D
_ Y _

+ c:c: (7.17a)
+ D _D

1
2
+ 1

 + g2D
Y + g3 D
_ Y _

+ c:c:
+ g D _
n
DD
Y + D D
_ Y _
o
+ c:c:
+ gD

 i@( _Y) +
1
3
D(
 
D _Y)

+ c:c: ;
S = D

5
4
+ 1 +
1
2
1   c

 + g

2 +
1
2
3

DY (7.17b)
+ g

2 + 3 +
1
2
2   2c

D _ Y _

+ cD 
 
 + 2g D _ Y _

;
with the  constants dened as:
1 =
( 5 + 8c   4c) f2 + (4 + 4  8   4c) f + 4 + 1
2 (3f   1) (f   1) ;
2 =
4f (+ f   cf)
(3f   1) (f   1) ; 3 =  
4 (2f   1) ( + f   cf)
(3f   1) (f   1) :
5. Conformal case. The last case on the list, is this degenerate coupling to supergravity.
Due to (5.27) we conclude that this is not possible.
As we mentioned previously, the theory (7.12) has a solution that spontaneously breaks
supersymmetry [9, 10]. The reason why this can happen is the non-minimal nature of the
complex linear supermultiplet. It has a bigger set of non-dynamical auxiliary components
(F  D2j; P _  D _Dj;   Dj;   D _D D _ j) which for the free theory
they must vanish on-shell. However, some special type of higher derivative theories can
generate potential energy terms for some of these auxiliary elds without any kinetic energy
terms. As a consequence, the on-shell equations of motion for these components remain
algebraic but now they can have non zero solutions. These non-zero solutions force the
auxiliary elds to acquire a non-zero v.e.v. and as a result, they break supersymmetry
spontaneously. This mechanism happening or not depends a lot on the precise component
structure of the action. For instance, if we interchange  and  in (7.12) we get
Lo =   + gD  D  D _ D _ : (7.18)
which does not break supersymmetry. It is therefore of interest to see how this seemingly
small change aects the supercurrent of the theory. Of course, the dierence arises from
the dierent component structure of the two theories, but we would like to nd indications
of this without having to do the detailed component projection.
When a spontaneous supersymmetry breaking solution exists, the fermionic version of
the Goldstone theorem applies and we are expecting the existence of a massless fermion,
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a goldstino. An easy way to identify the goldstino is to look at the set of previously
auxiliary fermionic degrees of freedom and nd the combination that has an algebraic term
of the v.e.v acquiring bosonic component in his supersymmetry transformation (S 
 F+: : : ). This is known as a shift term. Of course this transformation has to be generated
by the conserved charge of the supercurrent. Therefore, we should be able to identify the
structure responsible for the supersymmetry breaking inside the supercurrent. Based on
equation (6.25) we conclude that the supercharges will have terms proportional to S
(1;2)
 .
From example C and equation (7.17b) we nd that the supereld S has the structure
S = A1  + gA2 D
Y + gA3 D
_ Y _ ; (7.19)
for some coecients Ai and coupling constant g. Therefore the component S
(1;2)
 =
 12

D2;D
	
Sj will include, among other terms, the following
S(1;2) =  A1 F + 4g(A2 +A3)F F 2 + : : : ;
which through the Poisson bracket would generate the transformation with the shift term.
Repeating the same calculation for the non supersymmetry breaking theory (7.18), we can
easily show that due to the linearity constraint of  all the corresponding terms proportional
to g vanish. This illustrates the dierence between the two theories and the potential of
the rst one to break supersymmetry.
Moreover, when the supersymmetry breaking theory is coupled to a supergravity the
goldstino will be eaten by the gravitino in order for the gravitino to become massive. For
the theory in example C, the origin of the goldstino can be traced back to the auxiliary
fermions of . However if the supergravity we couple the theory to, is non-minimal (it also
has auxiliary fermions) and we allow higher derivative terms in the supergravity sector,
then there is a possibility that the goldstino mode will be provided by a combination
of the previously auxiliary fermions of  and the auxiliary fermions of the non-minimal
supergravity. It would be interesting to see explicitly this mechanism at the component
level of the theory. Specically, we would like to see the coupling to the gravitino. Of course,
since we are working in the linear approximation we will not be able to see the gravitino
mass term emerging but at least we can see which components of the supercurrents will
play a role. Following [29{31]10 we have the following denitions for the fermionic elds of
non-minimal supergravity
1
2!
D2D(H) _j =
1p
2
  _ ; D
2j =   1
2
p
2
  ; (7.20)
D _D
j = 1
2
 _   1p
2
 _ ; D
2D2j =  + i@ _

1
4
 _   1p
2
 _

:
Therefore the fermionic part of the interaction term (5.25) is
SintjF =
Z
d4x
1
2
p
2M
  _

1
2!
D(N) _j

+ c:c: (7.21)
  1
2
p
2M
 

D2Sj+ 2i@ _S _j

+ c:c:
+
1
M
 [Sj] + 1
4M


D _DS _j

+ c:c: :
10For ease of calculation we go to a Wess-Zumino gauge and select f = 0.
{ 25 {
J
H
E
P
0
2
(
2
0
1
7
)
0
7
6
8 Conclusion
The complex linear supermultiplet is a well known variant representation of the scalar
supermultiplet. However since it describes the same physical degrees of freedom as the
simpler chiral multiplet, it is not studied as extensively. Nevertheless, there are situations
where a theory dened in terms of complex linear superelds cannot be equally described in
terms of chiral superelds. A prime example is the spontaneous supersymmetry breaking
generated by higher derivative terms.
Motivated by the above, we investigated the supercurrent multiplet of a generic 4D,
N = 1 theory of complex linear supereld and aspects of its coupling to supergravity. Using
the Noether procedure we nd explicit expressions for the supercurrents of the arbitrary
 theory and verify that they satisfy the appropriate superspace conservation equations,
which we have derived from the on-shell limit of the Bianchi identities. We also presented
the component projection of these conservation equations to spacetime. These spacetime
conservation equations dene the energy-momentum tensor, its fermionic superpartner and
the U(1)R current for the generic theory of complex linear supereld.
Furthermore, rigid Super-Poincare invariance gives rise to a special supereld X. We
nd that the role of this object is to decide whether the coupling of the theory to a specic
formulation of supergravity is possible or not. The algorithm to do that is very simple:
step 1. For any given theory, calculate the supereld X based on (2.6), step 2. Check if X
as calculated in step 1 satises any of the four conditions (5.2a), (5.7a), (5.15a), (5.23c).
If it does, then the theory can be coupled to the corresponding supergravity formulation.
Due to the special type of constraints (5.2a) and (5.23c), the result is that any theory can
be coupled to old-minimal and non-minimal supergravity.11 On the other hand, not every
theory can be coupled to new-minimal and new-new-minimal formulation of supergravity
as we have seen in section 7. Although the existence of supereld X was known already, its
crucial role for coupling to supergravities, has not been recognised until now. Our proposed
method is based upon this observation and as far as we know, there is no other known
process (apart from trial and error) in order to deduce which formulation of supergravity
is consistent with a given theory.
In addition, we have illustrated how the conditions that permit coupling to new-
minimal supergravity are exactly the ones that permit the realization of the U(1)R sym-
metry. The connection of new-minimal supergravity and R-symmetry is known, due to
the fact that the conservation equation of new-minimal supergravity results in the space-
time conservation of the vector supercurrent. However, the new contribution here is the
explanation and deeper understanding of this connection. It comes from comparing the
Noether procedure for coupling to new-minimal supergravity with the one for R-symmetry
invariance. Also due to this connection, one can use our X-method and equation (5.7a) to
straightforwardly determine whether a theory has R-symmetry or not.
Finally, we apply the above results to specic examples of theories. Among these
examples two of them were dened including higher derivative terms of similar kind but
one of them has supersymmetry breaking solutions. This was illustrated by calculating
11For example, we can appropriately choose  so these constraints are satised.
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part of the supersymmetry charge in terms of components. Also for the supersymmetry
breaking case we calculated the component interaction for the fermion of the  theory with
the fermions of non-minimal supergravity.
We hope, that these results will contribute to the better understanding of other systems
where complex linear superelds are being used.
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